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Abstract
Background: Malaria is a leading cause of death in children below five years of age in sub-Saharan Africa.
All-cause and malaria-specific mortality rates for children under-five years old in a mesoendemic malaria
area (The Gambia) were compared with those from a hyper/holoendemic area (Burkina Faso).
Methods: Information on observed person-years (PY), deaths and cause of death was extracted from
online search, using key words: "Africa, The Gambia, Burkina Faso, malaria, Plasmodium falciparum,
mortality, child survival, morbidity". Missing person-years were estimated and all-cause and malaria-specific
mortality were calculated as rates per 1,000 PY. Studies were classified as longitudinal/clinical studies or
surveys/censuses. Linear regression was used to investigate mortality trends.
Results:  Overall, 39 and 18 longitudinal/clinical studies plus 10 and 15 surveys and censuses were
identified for The Gambia and Burkina Faso respectively (1960–2004). Model-based estimates for under-
five all-cause mortality rates show a decline from 1960 to 2000 in both countries (Burkina Faso: from 71.8
to 39.0), but more markedly in The Gambia (from 104.5 to 28.4). The weighted-average malaria-specific
mortality rate per 1000 person-years for Burkina Faso (15.4, 95% CI: 13.0–18.3) was higher than that in
The Gambia (9.5, 95% CI: 9.1–10.1). Malaria mortality rates did not decline over time in either country.
Conclusion: Child mortality in both countries declined significantly in the period 1960 to 2004, possibly
due to socio-economic development, improved health services and specific intervention projects.
However, there was little decline in malaria mortality suggesting that there had been no major impact of
malaria control programmes during this period. The difference in malaria mortality rates across countries
points to significant differences in national disease control policies and/or disease transmission patterns.
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Background
Mortality rates in sub-Saharan Africa (SSA) remain very
high, especially when compared to other regions of the
world [1,2]. While mortality in many parts of the world
has declined markedly in the last century, in SSA reduc-
tions have been less, although marked differences in
trends between urban and rural areas are still observed
with trends declining faster in urban areas [1,3-5]. A
recent report from the World Health Organization esti-
mates that each year there are about ten million deaths
worldwide in children below five years of age [1]. The
leading causes of death among children in this age-group
are pneumonia, diarrhoea, malaria, and perinatal causes.
Approximately 90% of all malaria deaths in the world
occur in Africa [1,6]. Major factors that contribute to this
high mortality from malaria in Africa include poor access
to health services, low quality of health services, and the
increased resistance of malaria parasites to affordable
first-line drugs such as chloroquine and sulphadoxine-
pyrimethamine [7,8]. There is some evidence for a posi-
tive correlation between Plasmodium falciparum transmis-
sion intensity and malaria mortality but there are few data
on this point and also such analysis is hampered by the
difficulties in assessing causes of death [9-11]. Moreover,
in regions where malaria is endemic, an association
between observed all-cause mortality rates and malaria-
specific mortality rates, especially among the children
below five years of age would be expected. However, it is
difficult to substantiate this association due to the scarcity
of quality data from Africa on all-cause and in particular
cause-specific mortality. Many surveys and a few censuses
have been conducted in Africa since the early 1950s and
these provide information on all-cause mortality rate but
not on cause-specific mortality [12]. To address this gap,
several demographic surveillance systems (DSS) have
been established in developing countries where overall
mortality, cause-specific mortality determined using the
post-mortem questionnaire technique, morbidity, socio-
economic status and migration can be studied [13].
In this study, data from surveys and censuses, as well as
DSS data obtained from The Gambia and Burkina Faso
were used to systematically compare all-cause and cause-
specific mortality rates from under five children. Burkina
Faso has four DSS sites located in Nouna, Ouagadougou,
Oubritenga and Sapone, while Gambia has one in Faraf-
enni [14]. The climate of both countries is similar with a
short and intense rainy season occurring between June
and October. Malaria transmission intensity is generally
more marked in Burkina Faso[15], than in The Gambia
[16].
Methods
A literature search was done on papers containing infor-
mation on mortality and malaria among children below
five years of age from each country for the years since
1950. The online search was done in Medline, Embase,
and Popline, using key words: "Africa, child deaths, The
Gambia, Burkina Faso, malaria, Plasmodium falciparum,
mortality, child survival and morbidity". Subsequent liter-
ature searches were accomplished by reviewing the litera-
ture cited in each of the publications obtained. In
addition, research groups and experts with publications
related to studies conducted in these countries were con-
tacted for further information. Each of the papers
obtained was indexed and thoroughly reviewed to extract
all relevant information. The following information was
obtained: study period for the data presented (the year the
study started and ended), duration of the study, number
of children less than five years included, overall number
of deaths during the study, number of deaths due to
malaria, person-years of follow-up, all-cause mortality,
and malaria-specific mortality. The information in the
papers was cross-checked twice to ensure that the infor-
mation extracted was consistent with the information in
the original paper.
Mortality information
Mortality information was summarized as infant mortal-
ity rate (IMR: <1 years), child mortality (CMR: 1–4 years)
and under-five child mortality (U5MR: 0–4 years) per
1,000 person-years. Mortality information was recorded
as all-cause mortality and malaria-specific mortality for all
the above age categories with the exception of studies for
which such detailed information was not available.
For malaria mortality estimations, studies that were con-
ducted among young infants only (0–3 months) were
excluded because many studies have shown protection of
children in this age group in malaria endemic areas
through acquired immunity and other mechanisms [17].
Similarly, studies from which only seasonal rates could be
obtained were also excluded. For clinical trials, mortality
rates were calculated in both the intervention and control
groups combined and in the control group alone.
Person-years estimations
Where available, person-years were extracted from the
publication directly. For some studies, only the number of
deaths and duration of the study was available. For these,
person-years (PY) were estimated as:
PY = N*T - ((D/2)* T)
where N is number of children in the study, T is the dura-
tion of the study in years, and D is number of deaths dur-
ing the study period. Here, the assumption was made thatMalaria Journal 2008, 7:15 http://www.malariajournal.com/content/7/1/15
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all children who died during the study lived on average for
half of the total observation time. An overall person-year
based mortality rate was computed by dividing the
observed total deaths by the sum of all person-years.
Cause of death ascertainment
In nearly all of the studies reviewed, cause of death was
ascertained by using the verbal autopsy method [18,19].
This method involves interviewing a relative of the
deceased child on symptoms and signs of the illness
before death. By reviewing the circumstances surrounding
the time of death as described in the interviews and by
studying any available clinical records, clinicians allocate
a potential cause of death. Details of the verbal autopsy
procedures are available elsewhere [19].
Mortality rate calculations
After compiling information on number of deaths and
observed/estimated person years, all-cause mortality rates
(MR) per 1,000 person-years were calculated as;
MR = (D/PY)* 1000
where D is number of all observed deaths during the study
period and PY is the observed or estimated total person-
years. For the malaria mortality rate, D was replaced with
the observed number of all malaria-specific deaths. If
applicable, mortality for the control arm was recorded
separately.
For the surveys and censuses (see Table 1 and Table 2)
which are cross-sectional studies, mortality information
generated from collecting birth histories and child sur-
vival from mothers who were interviewed was used to esti-
mate mortality. The mortality information was given as
the probability of dying before reaching the nth birthday.
To enable comparisons with other studies, the respective
probabilities of dying in the different age-groups were
converted to mortality rates per 1,000 per year using the
following method [20];
λx = 2qx/(2-qx)*∆x
where λx is estimated mortality rate for the age group x, qx
is the probability of dying before reaching the nth birth-
day and ∆x is the length in years of the age interval.
Modelling
To model the under five malaria and overall mortality rate
λij by country (Burkina Faso: i = 0; Gambia: i = 1) and cal-
endar year j (j = 1950 to 2004), a linear model was used
as follows; λij = α + β1i + β2 f(j) + β3ij with √(PYij) as
weights to account for study size, with different functions
of f to investigate a possible non-linear relation between
rate and calendar year, and with a factor to assess a possi-
Table 1: All-cause mortality rates in The Gambia for children under five from survey and censuses
Mortality per 10002
Study type N1 Survey/census Year(s) of study IMR CMR U5MR Reference
Gambia Population census 79916 3 Census 1973 243.4 67.8 [52]
111451 3 1983 182.2 59.8
168217 3 1993 87.7 27.6
Contraceptive prevalence & 
Fertility Determinants Survey
2521 Survey 1976–80 118.5 53.7 66.1 [27]
1981–85 103.0 31.6 45.7
1986–90 93.6 20.6 34.9
UNICEF, Multiple Indicator Cluster 
Surveys
3849 Survey 1995 100.8 29.4 [12]
2000 96.4 27.4
National Survey on Maternal 
mortality, Child mortality and 
contraceptive Prevalence
9359 Survey 2001 87.7 14.4 29.0 [53]
World Bank Surveys plus other 
National surveys
-4 Survey 2004 93.1 26.0 [54]
1 Number of children below five years.
2 IMR = Infant Mortality Rate(0–1), CMR = Child Mortality Rate(1–4 years), U5MR = Under-5 Mortality Rate(0–4) IMR is rate per 1,000 live births, 
CMR and U5MR are rates per 1000 person-years.
3Estimate of children under five years from census population
4 Number based on combination of many surveys.Malaria Journal 2008, 7:15 http://www.malariajournal.com/content/7/1/15
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ble interaction between country and year. All studies
described in Tables 1 to 5 were used in the modelling.
Since for survey/censuses the person-years were unknown,
the weights were chosen equal to that of the largest cohort
study. The effect of the different weights was investigated
with a sensitivity analysis. For clinical trials, only results
from the control arms were used.
Results
The literature review identified thirty nine longitudinal
(clinical, epidemiological, cohort) studies from The Gam-
bia in which malaria had been studied among children
below five years of age. Twenty-one of the 39 studies had
information on mortality (seventeen of these studies con-
tained cause-specific mortality information). In addition,
ten surveys and censuses were identified for which only
all-cause mortality information was available.
Similarly, eighteen longitudinal studies on malaria where
identified for Burkina Faso, with eight studies containing
mortality information. Three of these studies contained
cause-specific mortality information. In addition, fifteen
surveys and censuses were identified for which all-cause
mortality information was available.
In six studies (four from The Gambia, two from Burkina
Faso) [21-26], a separate rate estimation for the control
arm was performed.
Trends of mortality in The Gambia
Mortality rates based on surveys and censuses
Table 1 shows under-five year all-cause mortality rates for
The Gambia following a review of studies based on sur-
veys and censuses conducted between 1973 and 2004.
The information is summarized as infant mortality rate
(IMR), child mortality rate (CMR) and under-five mortal-
ity rate (U5MR). Two major types of survey have been
conducted repeatedly (contraceptive prevalence and fertil-
ity determinants surveys and UNICEF multiple indicator
cluster surveys). Three population censuses were con-
ducted in 1973, 1983 and 1993. Mortality rates obtained
from the 10-year periodical census show that IMR and
U5MR declined significantly from 243 and 67.8 in 1973
to 87.7 and 27.6 in 1993 respectively (Table 1). Estimates
of mortality based on surveys show similar declines in
mortality, however, these are not as pronounced as census
based estimates. In contrast, results reported by Pacque-
Mangolis and colleagues[27] from a survey conducted in
nearly the same time period provided much lower rates
Table 2: All-cause mortality rates from Burkina Faso for children under five from surveys and censuses
Mortality per 1,000 2
Study type N1 Survey/census Year(s) of study IMR CMR U5MR Reference
Burkina Faso Population census 1160003 Census 1975 182.2 32.8 62.2 [55]
14760003 1985 143.6 24.9 48.4
19750003 1996 113.2 19.5 38.2
Survey on mortality in Sahel(EMIS) 13421 Survey 1986 92.1 [56]
1987 133.3
Demographic and Health Surveys 5828 Survey 1992–93 98.3 28.7 45.6 [57]
5953 1998–99 111.2 33.9 49.2
10645 2003 84.9 29.5 40.5
UNICEF based studies including multiple 
Indicator cluster surveys (MICs)
-4 Survey 1960 199.0 74.8 [12]
1970 177.5 67.8
1980 150.5 56.4
1990 125.4 46.9
1995 116.4 46.2
2000 113.0 46.2
World Bank Surveys plus other National 
surveys
-4 Survey 2000 105.3 43.5 [54]
2004 101.7 42.5
1 Number of children below five years.
2 IMR = Infant Mortality Rate(0–1), CMR = Child Mortality Rate(1–4 years), U5MR = Under-five Mortality Rate(0–4) IMR is rate per 1,000 live 
births, CMR and U5MR are rates per 1000 person-years.
3 Estimate of children under five year from census population.
4Results based on combination of many surveys.Malaria Journal 2008, 7:15 http://www.malariajournal.com/content/7/1/15
Page 5 of 12
(page number not for citation purposes)
Table 3: All-cause mortality rates in The Gambia for children under five from longitudinal studies
Annual Mortality rate 2
Study area N1 Study type Period of study IMR CMR U5MR References
Mandinka villages 1698 Longitudinal 1946–51 531.6 [30]
Keneba village 915 Longitudinal 1951–55 242.2 82.8 112.2 [28]
1956–60 212.4 101.3 120.8
1961–65 302.8 105.7 140.5
1966–70 287.0 124.2 151.3
1971–75 172.7 109.4 119.8
Manduar village, 441 Longitudinal 1951–55 32.5 21.9 24.0 [28]
1956–60 182.2 60.9 84.3
1961–65 154.0 70.1 86.0
1966–70 157.5 87.9 100.6
1971–75 196.6 71.4 95.4
Farafenni area 2505 Longitudinal 1981–82 152.9 43.2 64.8 [58]
8091 1983–86 125.4 38.5 55.6 [34]
2000 1983 103 [59]
1671 1983–87 39.7 [42]
1082 1982–83 154.8 44.6 70.2 [25]
3194 1983–86 134.3 37.3 58.5
3206 1989–92 74.5 34.6 43.9
2270 1992–94 90.9 37.7 49.3
2161 1994–96 78.5 33.7 43.9
1364 1999 17.7 [60]
487 1999 29.0 [61]
170003 1998–02 84.2 28.4 40.5 [62]
Upper River Division 2393 Longitudinal 1982–83 77 42.5 49.5 [63]
931 1986–87 40 20.1 23.8
389 1985 20.6 [64]
25670 1988–89 96 17.1 35.8 [22]
5414 19894 92.0 18.7 110.6 [29,65]
5119 1990 71.7 16.5 88.2
5256 1991 80.5 22.1 102.6
5324 1992 71.8 15.0 86.8
5781 1993 84.1 21.3 105.4
Lower River Division (South Bank) 3801 Longitudinal 1977 206.9 82.8 [31]
3801 1982 165.7 60.8
3801 1987 137.9 46.8
20000 3 1988–89 120 41 66.0 [21]
1538 1988 127.1 31.5 50.6 [66]
1592 1989 105.1 24.2 41.2
Banjul area 9584 Hospital-based 1988–90 35.6 [67]
576 1992–94 25.2 [23]
Several divisions 18911 Longitudinal 1992–93 72.4 19.9 [68]
2025 1949–75 221 86 145.0 [32]
980 1975–84 61.7 21 35.1
976 1985–97 37.8 81 8 . 0
1 Number of children below five years.
2 IMR, CMR and U5MR are rates per 1,000 person-years. Estimated mortality rates are in italics. IMR = Infant Mortality Rate (0–1), CMR = Child 
Mortality Rate (1–4 years), U5MR = Under-five Mortality Rate (0–4 year).
3 Whole population and not under-5 year population.
4 Rates per 1,000 mid-year populationMalaria Journal 2008, 7:15 http://www.malariajournal.com/content/7/1/15
Page 6 of 12
(page number not for citation purposes)
for IMR (Table 1). Figures 1 and 2 show clearly that mor-
tality has declined over time.
Mortality patterns by age have also changed over time.
Surveys conducted in The Gambia in the period 1976–80
showed that the IMR was about twice that of the CMR
(118.5 vs. 53.7). However, for the period 1981–85 and
1986–90, the IMR was about three to four times the CMR
(Table 1). A survey conducted in the year 2001 showed
that the IMR was about six times the CMR (87.7 vs. 14.4).
Mortality rates based on longitudinal and follow-up data
Information on child mortality rates obtained from longi-
tudinal or follow-up studies conducted in The Gambia
between 1946 and 1999 is summarized in Table 3. Varia-
tions in the estimates obtained in these studies were
observed, even when the reference period or year was the
same. A number of studies reported mortality estimations
over a period of several years [25,28,29]. In 1946, the IMR
was estimated at 531.6 per 1,000 live births in three Man-
dinka villages in The Gambia [30]. Studies conducted in
Keneba and Manduar villages [28] for the period 1951 to
1975 showed different mortality rates (sometimes with
big outliers) between villages although, overall, no clear
improvements in mortality were noticeable over this time
period. Longitudinal studies in the same area conducted
after 1975 showed a declining mortality rate [31]. Hill and
colleagues[25] report similar patterns for the period 1982
to 1992 in the Farafenni areas (see Table 3). Rayco-Solon
and colleagues[32] provide estimates for three-time win-
dows between 1949 and 1997 and show clearly that mor-
tality has declined over time in The Gambia.
Figures 1 and 2 show the distribution of all-cause mortal-
ity rates by mid-year of study based on data from longitu-
dinal studies and surveys/censuses. Model predictions for
all-cause mortality rates show that over time mortality has
declined in The Gambia. Overall, the under-five all-cause
mortality rate for The Gambia averaged 57.8 and 58.2 per
1,000 person-years for the period 1946 to 1999 with stud-
Table 4: Malaria mortality rates in The Gambia for children under five from DSS based studies
Rates per 1,000 PY 2
Study area N1 Year(s) of study IMR CMR U5MR Reference
Farafenni area 3398 1981–83 6.3 10.7 8.5 [39]
2505 1982–83 13.6 9.9 [58]
768 1990–91 18.2 [69]
651 1991 7.9 3.5 [68]
173 1993–94 18.5 [70]
487 1999 12.5 [61]
1364 1999 11.8 [60]
Banjul area 9584 1988–90 14.5 4 [67]
576 1992–94 12.6 4 [23]
Upper River Division 2393 1982–83 9.6 [63]
931 1986–87 5.1
389 1985 13.0 [64]
25670 1988–89 7.8 5.6 6.3 [22]
5414 1989 10.3 6.3 7.3 [29,65]
5119 1990 8.8 7.2 7.6
5256 1991 14.1 9.6 10.6
5324 1992 5.3 4.6 4.8
5781 1993 8.8 9.1 9.0
624 1992–94 15.6 [71]
Lower River Division (South Bank) 200003 1988–89 13.0 16.7 15.8 [21]
1538 1988 2.8 11.1 6.9 [66]
1592 1989 2.8 11.3 7.1 [31]
1 Number of children below five years.
2 IMR, CMR and U5MR are rates per 1,000 person-years. IMR = Infant Mortality Rate(0–1), CMR = Child Mortality Rate(1–4 years), U5MR = 
Under-five Mortality Rate(0–4). Estimated mortality rates are in italics.
3 Whole population and not under-5 year population.
4 Malaria diagnosis laboratory confirmed.Malaria Journal 2008, 7:15 http://www.malariajournal.com/content/7/1/15
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Table 5: All-cause and malaria mortality rates from Burkina Faso for children under five based on DSS
All-cause Mortality per 1,000 PY 2
Study area N1 Study type Year(s) of study IMR CMR U5MR Malaria mortality 
rate <5
Reference
Kongondjan area 365 Cohort 1982–86 36.2 [72]
Pissila and Yako area 9085 Cohort 1985–96 90 49.4 [73]
Ouagadougou 6860 Hospital based 1993–94 27.7 13.8 [74]
Oubritenga province. 27577 Cohort 1993–94 102.0 36.4 44.3 [24,26]
1994–96 101.5 30.5 39.3
1996–98 50.3 19.7 23.6
1998–00 56.7 26.1 29.9
Nouna3 4720 Cohort 1993 32.5 [75]
4786 1994 41.6
4899 1995 35.7
4840 1996 43.1
4895 1997 30.5
5323 1998 30.9
Nouna 353 Cohort 1999 68.0 28.3 [8]
Nouna3 111554 Cohort 1999–03 60.5 23.6 31.9 13.3 [76]
1 Number of children below five years
2 IMR, CMR and U5MR is per 1,000 person-years. IMR = Infant Mortality Rate(0–1), CMR = Child Mortality Rate(1–4 years), U5MR = Under-five 
Mortality Rate(0–4). Estimated mortality rates are in italics
3 Results based on complete DSS analysis
4 Result is 2003 mid-year population.
Burkina Faso and The Gambia all-cause mortality rates per 1,000 and fitted regression lines for children children under five,  estimates from censuses/surveys and longitudinal studies Figure 1
Burkina Faso and The Gambia all-cause mortality rates per 1,000 and fitted regression lines for children children under five, 
estimates from censuses/surveys and longitudinal studies. The black line is the fitted regression line for The Gambia and the 
dotted red line is the fitted regression line for Burkina Faso.
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ies including combined arms, and with studies including
control arms only, respectively.
Mortality patterns across age-classes and by time based on
the results of longitudinal studies (Table 3) are similar to
those observed in the studies based on surveys and cen-
suses. For example, for the period 1949 to 1975, Rayco-
Solon and colleagues [32] report an IMR which is about
2.5 times the CMR (221 vs. 86). For the subsequent peri-
ods 1975–84 and 1985–97, they estimated an IMR of
about three and five times the estimated CMR respec-
tively.
Malaria mortality
Malaria mortality rates show no clear change for the
period 1981 to the late 1990s (see Table 4 and Figure 3).
As each of the studies had different aims and designs,
comparisons across studies and by regions and time
(years) is difficult. For instance, in the Upper River Divi-
sion, no consistent pattern can be seen and there are wide
variations in rates between years. However, in the period
1988–90 the lowest malaria mortality rate (U5MR per
1,000 PY) was seen in the Upper River Division (6.3) in
contrast to 18.2 in the Farafenni area, whereas results were
comparable in South Bank Division (15.8) and the Banjul
area (14.5).
Figure 3 shows malaria mortality rates with the respective
mid-study dates. The weighted average under-five
malaria-specific mortality rate for The Gambia (1981–
1999) was 9.5 when all data were used and 10.1 per 1,000
person-years when clinical trial data were restricted to the
control group.
Trends of mortality in Burkina Faso
Mortality rates based on survey and census data
A summary of all-cause mortality rates based on surveys
undertaken in Burkina Faso is given in Table 2. Overall,
IMR and U5MR show a declining trend for the period
1960 to 2004 (Figure 1 and 2). Mortality rates have fallen
by around a half during the period 1960 to 2004 (IMR:
199 vs 101.7 and U5MR: 74.8 vs 42.5). For surveys and
censuses with results on CMR, the ratios of IMR to CMR
were compared. This ratio was persistently about 5.5 and
3 times for the censuses and DHS surveys respectively.
Mortality rates based on longitudinal data
The results for all-cause and malaria-specific mortality
rates obtained from longitudinal studies conducted in
Burkina Faso are summarized in Table 5. The rates for all-
cause mortality show that the U5MR has fluctuated over
time with no clear trend. For example, the U5MR rates for
the period 1993 to 1999 in the Nouna study region were
on average between 30 and 40 per 1,000 person-years.
The overall under-five all-cause mortality rate for Burkina
Faso for the period 1983 to 2003 based on these studies
averaged 32.7 per 1,000 person-years when all data were
used and 33.6 per 1,000 person-years when clinical trial
Burkina Faso and The Gambia all-cause mortality rates per 1,000 and fitted regression lines for Infants, estimates from cen- suses/surveys and longitudinal studies Figure 2
Burkina Faso and The Gambia all-cause mortality rates per 1,000 and fitted regression lines for Infants, estimates from cen-
suses/surveys and longitudinal studies. The black line is the fitted regression line for The Gambia and the dotted red line is the 
fitted regression line for Burkina Faso.
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data were restricted to the control group (Table 5). These
patterns for U5MR are shown in Figure 1. There are a few
studies with results for IMR, but among these an overall
decline in the rates for the period 1993 to 2000 can be
seen (Table 5 and Figure 2).
Malaria mortality
The weighted malaria mortality rate for the period 1999–
2003 averaged 15.4 and 15.6 per 1,000 person-years with
all studies including combined arms, and with all studies
including control arms only, respectively (Table 5 and Fig-
ure 3). The malaria-specific mortality rates reported here
come mostly from one study site (Nouna) in Burkina Faso
and are within the range of previously estimated figures
from other countries in West Africa [33].
Comparison of Burkina Faso and The Gambia
Figure 1 graphically shows for both countries a clear
reduction in overall mortality for children below five
years from the year j = 1950 to the year j = 2004. The
regression analysis gives the best fit with linear decline in
both countries (p < 0.001), which is significantly stronger
in The Gambia (i = 1) than in Burkina Faso (i = 0) (p =
0.006) with the regression equation;
λij = 80.03 + 43.53i - 0.82 (j*) - 1.084ij*, j* = j - 1950 (R2 
= 0.48).
Similar estimates for children below one year are shown
in Figure 2. For malaria, there is no significant change in
the rate over the observation period (Figure 3), however
the difference between both countries is significant (p =
0.02). The estimated weighted average malaria mortality
rates by country, for the observation period are displayed
in Figure 3. The sensitivity analysis in which an up to ten-
fold weight was assigned to census/survey data to account
for the larger population sizes in those studies showed
only marginal variations in the model estimates.
Discussion
This study has reviewed, summarized and compared all-
cause and malaria-specific mortality rates for The Gambia
and Burkina Faso. Many studies have been conducted in
The Gambia to investigate different aspects of malaria
(1960–2000) in contrast to Burkina Faso where only a few
studies have been conducted since the late 1980s to early
2000s. Findings based on censuses, surveys and longitudi-
nal studies show that child mortality in the Gambia has
declined significantly. Reasons for this decline are likely to
include socio-economic development, improved health
services including the establishment of primary health
care and immunisation programmes and specific inter-
vention projects [25,29,34,35]. However, since 1990, this
decline in mortality has slowed down. In parts of Africa
where HIV/AIDS is a major problem, mother-to-child
transmission has been a major explanation for this
rebound in child mortality [36]. However, The Gambia
and Burkina Faso have not been severely affected by the
African HIV/AIDS epidemic and seroprevalence rates in
adults remain less than 4% in both countries [37].
Estimates of mortality rates from nationally representative
surveys conducted from 1960 to 2003 show that child
mortality has also declined in Burkina Faso. However, this
trend is not clearly discernable in the few studies for
which mortality was estimated from DSS longitudinal
studies because of coverage of only a few years. Neverthe-
less, results from DSS studies from the two countries dur-
ing the period 1992 to 1999 yield very comparable
estimates for under-five mortality rates, although results
from surveys and censuses for under-five mortality rates
are slightly different for the later years. This observation
suggests the need for caution in generalising results from
DSS longitudinal studies to represent national figures.
Differences in observed mortality rates from nationally
representative surveys could be a reflection of differences
in national health policies and programmes in the two
countries whereas the comparable rates obtained from the
DSS based studies could be due to the effects of interven-
tions (such as insecticide treated bednets, vaccination pro-
grammes, primary health care service delivery etc) that are
routinely implemented among the DSS populations
[38,39].
It is not easy to fully interpret the data provided in Figures
1, 2 and 3. However, overall, all-cause mortality rates fell
in both countries during the study period covered,
Malaria mortality rates (MMR) per 1,000 in Burkina Faso and  in The Gambia for children under five, 1981–2003 Figure 3
Malaria mortality rates (MMR) per 1,000 in Burkina Faso and 
in The Gambia for children under five, 1981–2003. The lines 
represent the average malaria mortality rates weighted for 
study sample sizes.
0
4
8
1
2
1
6
2
0
2
4
2
8
E
s
t
.
m
a
l
a
r
i
a
m
o
r
t
a
l
i
t
y
r
a
t
e
s
1980
1983
1986
1989
1992
1995
1998
2001
Years of study
Burkina Faso Gambia
Gambia weighted ave. mort.rate Burkina Faso weighted ave. mort.rateMalaria Journal 2008, 7:15 http://www.malariajournal.com/content/7/1/15
Page 10 of 12
(page number not for citation purposes)
although some peaks occurred in the early 1990's in The
Gambia. Malaria mortality rates did not show a similar
decline. This could be partly due to parasite resistance to
chloroquine, the first-line drug for treatment of malaria
during those years, as well as to a break down in commu-
nity based health services due to some under-funding by
the national government during the years that followed
1990 [40-43]. There is some evidence that in The Gambia
the incidence of clinical malaria is now beginning to
decline (Cessay, personal communication).
Mortality differences across age groups are evident in the
two countries. The observed differences in age-mortality
patterns are reminiscent of mortality in other countries in
SSA where the mortality rates for children in the age-group
1 and 4 have been noted to be lower than the infant mor-
tality rate [44]. In this review, the ratio of infant mortality
rate to child mortality rate has been shown to have
increased over time. The overall risk of dying in the first
year has declined over time, but not to the same extent as
the decline in the risk of dying between the ages of one
and four years. Possible explanations for these results
include introduction of the expanded immunization pro-
grammes (EPI) which might have had a bigger effect on
CMR than on U5MR. For instance, measles is no longer a
major cause of death in children between one and four
years of age in many parts of Africa where effective EPI
programmes are well established [45]. Other explanations
might include improvements in nutrition with deaths due
to malnutrition in older children being averted [46].
The estimated malaria mortality rates of 9.5 (The Gambia)
and 15.4 (Burkina Faso) per 1,000 person-years differ
considerably but are within the previous estimates for SSA
[47]. Numerous interventions have been undertaken in
The Gambia that may have had an effect on malaria
including the introduction of village-based health services
and insecticide-treated bednets (ITNs) [34,43,48]. Previ-
ous studies have shown variable evidence for the link
between malaria mortality rates and malaria transmission
intensities [49,50]. In Burkina Faso, the annual average
entomological inoculation rate (EIR) is above 80 while in
The Gambia an annual average EIR is less than 50 infec-
tious bites per person per year [16]. Therefore, differences
in estimated malaria mortality rates might be a reflection
of differences in malaria transmission patterns, although
this is controversial [11,51].
This study has several limitations. It is possible that other
relevant literature might have been left out, especially lit-
erature that was not published online or in the English
language. However, it is likely that the mortality trends
observed are not significantly biased due to this limita-
tion. The fact that different studies were designed to
answer a given research question makes comparison of
studies difficult. The sampling methods and aims of the
surveys were different and although cross-comparison of
child mortality rates between studies is possible, such
comparisons needs to be treated with caution. On the
other hand, population censuses should provide a com-
plete enumeration and mortality rates estimated from the
census should be more realistic without major sampling
errors. For instance, mortality rates resulting from a bed-
net intervention study cannot easily be compared to mor-
tality rates resulting from a study that evaluated the
performance of primary health care. The latter is most
likely to give rates that are lower due to the direct protec-
tion provided by the mosquito net which lowers malaria
transmission rates. Furthermore, the gross differences in
the years covered by the malaria-related studies conducted
in the two countries made comparisons of estimates diffi-
cult. In The Gambia, studies have been conducted over a
longer period than in Burkina Faso where most studies
were conducted after the year 1990.
Efforts were made to standardize rates by either comput-
ing person years or presenting results in the same units for
the same age-group categories. For some studies it was dif-
ficult to achieve such standardized rates especially when
computing malaria-specific mortality rates. In many
papers, desired details were not available and it was not
possible to make estimates for all age-specific mortality
rates.
Despite all these limitations, this review demonstrates
that with available data, mortality patterns can be com-
pared across countries in Africa. However, caution is
needed in extrapolating the results obtained in DSS sur-
veys to give national rates. Further work will include
investigating the linkage between malaria transmission
parameters and child mortality. This needs to be done
locally using DSS based data since estimates cannot be
readily inferred from national mortality figures.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
RPN coordinated the study, performed the statistical anal-
ysis and drafted the manuscript.
HB designed, supervised and participated in coordination
of the study and writing-up of the manuscript.
HR supervised the analysis and coordination of the study
and participated in writing-up of the manuscript.Malaria Journal 2008, 7:15 http://www.malariajournal.com/content/7/1/15
Page 11 of 12
(page number not for citation purposes)
MJ substantially participated in the conception in particu-
lar with regard to the studies in The Gambia and writing-
up of the manuscript.
AS substantially participated in the conception in particu-
lar with regard to the studies in Burkina Faso and writing-
up of the manuscript.
BK substantially participated in the conception in particu-
lar with regard to the studies in Burkina Faso and writing-
up of the manuscript.
BG substantially participated in the conception in partic-
ular with regard to the studies from The Gambia, in the
interpretation of the results, formulating the discussion
and writing-up of the manuscript.
OM substantially participated in the conception, analysis
and interpretation of the results, formulating the discus-
sion and writing-up of the manuscript.
Acknowledgements
This work was supported by the collaborative research grant 'SFB 544' of 
the German Research Foundation (DFG).
References
1. Bryce J, Boschi-Pinto C, Shibuya K, Black RE: WHO estimates of
the causes of death in children.  Lancet 2005, 365:1147-1152.
2. Murray CJ, Lopez AD: Mortality by cause for eight regions of
the world: Global Burden of Disease Study.  Lancet 1997,
349:1269-1276.
3. Murray CJ, Lopez AD: Global and regional cause-of-death pat-
terns in 1990.  Bull World Health Organ 1994, 72:447-480.
4. Hay SI, Guerra CA, Tatem AJ, Atkinson PM, Snow RW: Urbaniza-
tion, malaria transmission and disease burden in Africa.  Nat
Rev Microbiol 2005, 3:81-90.
5. Korenromp EL, Arnold F, Williams BG, Nahlen BL, Snow RW: Mon-
itoring trends in under-5 mortality rates through national
birth history surveys.  Int J Epidemiol 2004, 33:1293-1301.
6. Lopez AD, Murray CC: The global burden of disease, 1990–
2020.  Nat Med 1998, 4:1241-1243.
7. Snow RW, Trape JF, Marsh K: The past, present and future of
childhood malaria mortality in Africa.  Trends Parasitol 2001,
17:593-597.
8. Muller O, Traore C, Becher H, Kouyate B: Malaria morbidity,
treatment seeking behaviour, and mortality in a cohort of
young children in rural Burkina Faso.  Trop Med lnt Health 2003,
8(4):290-296.
9. Omumbo J, Hay S, Guerra C, Snow R: The relationship between
the Plasmodium falciparum parasite ratio in childhood and
climate estimates of malaria transmission in Kenya.  Malaria
Journal 2004, 3:17.
10. Gemperli A, Vounatsou P, Kleinschmidt I, Bagayoko M, Lengeler C,
Smith T: Spatial patterns of infant mortality in Mali: the effect
of malaria endemicity.  Am J Epidemiol 2004, 159:64-72.
11. Smith TA, Leuenberger R, Lengeler C: Child mortality and
malaria transmission intensity in Africa.  Trends Parasitol 2001,
17:145-149.
12. Multiple Indicator Cluster Surveys(MICS): Child Survival
and Health   [http://www.childinfo.org/areas/childmortality/
u5data.php]
13. INDEPTH Network: Population and health in developing coun-
tries. Population, health, and survival at INDEPTH sites.  Vol-
ume 1. IDRC, Ottawa Canada; 2002:356. 
14. INDEPTH Network Demographic Surveillance System sites
[http://www.indepth-network.org/dss_site_profiles/dss_africa.htm]
15. Traoré C: Epidemiology of malaria in a holoendemic area of
rural Burkina Faso.  In PhD Thesis University of Heidelberg, Faculty
of Medicine; 2003. 
16. Hay SI, Rogers DJ, Toomer JF, Snow RW: Annual Plasmodium fal-
ciparum entomological inoculation rates (EIR) across Africa:
literature survey, Internet access and review.  Trans R Soc Trop
Med Hyg 2000, 94:113-127.
17. Snow RW, Nahlen B, Palmer A, Donnelly CA, Gupta S, Marsh K: Risk
of severe malaria among African infants: direct evidence of
clinical protection during early infancy.  J Infect Dis 1998,
177:819-822.
18. Snow RW, Armstrong JR, Forster D, Winstanley MT, Marsh VM,
Newton CR, Waruiru C, Mwangi I, Winstanley PA, Marsh K: Child-
hood deaths in Africa: uses and limitations of verbal autop-
sies.  Lancet 1992, 340:351-355.
19. Soleman N, Chandramohan D, Shibuya K: Verbal autopsy: current
practices and challenges.  Bull World Health Organ 2006,
84:239-245.
20. Esteve J, Benhamou E, Raymond L: Statistical methods in cancer
research. Volume IV. Descriptive epidemiology.  IARC Sci Publ
1994, 128:1-302.
21. Alonso PL, Lindsay SW, Armstrong Schellenberg JR, Keita K, Gomez
P, Shenton FC, Hill AG, David PH, Fegan G, Cham K, Greenwood BM:
A malaria control trial using insecticide-treated bed nets and
targeted chemoprophylaxis in a rural area of The Gambia,
west Africa. 6. The impact of the interventions on mortality
and morbidity from malaria.  Trans R Soc Trop Med Hyg 1993,
87(Suppl 2):37-44.
22. de Francisco A, Schellenberg JA, Hall AJ, Greenwood AM, Cham K,
Greenwood BM: Comparison of mortality between villages
with and without Primary Health Care workers in Upper
River Division, The Gambia.  J Trop Med Hyg 1994, 97:69-74.
23. van Hensbroek MB, Onyiorah E, Jaffar S, Schneider G, Palmer A, Fren-
kel J, Enwere G, Forck S, Nusmeijer A, Bennett S, Greenwood B,
Kwiatkowski D: A trial of artemether or quinine in children
with cerebral malaria.  N Engl J Med 1996, 335:69-75.
24. Habluetzel A, Diallo DA, Esposito F, Lamizana L, Pagnoni F, Lengeler
C, Traore C, Cousens SN: Do insecticide-treated curtains
reduce all-cause child mortality in Burkina Faso?  Trop Med Int
Health 1997, 2:855-862.
25. Hill AG, MacLeod WB, Joof D, Gomez P, Walraven G: Decline of
mortality in children in rural Gambia: the influence of vil-
lage-level Primary Health Care.  Trop Med Int Health 2000,
5:107-118.
26. Diallo DA, Cousens SN, Cuzin-Ouattara N, Nebie I, Ilboudo-Sanogo
E, Esposito F: Child mortality in a West African population
protected with insecticide-treated curtains for a period of up
to 6 years.  Bull World Health Organ 2004, 82:85-91.
27. Pacque-Margolis S, Gueye M, George M, Thome M: Gambian contra-
ceptive prevalence and fertility determinants survey 1990 Ministry of
Labour, Health and Social Welfare, Banjul; 1993. 
28. Billewicz WZ, McGregor IA: The demography of two West Afri-
can (Gambian) villages, 1951–75.  J Biosoc Sci 1981, 13:219-240.
29. Jaffar S, Leach A, Greenwood AM, Jepson A, Muller O, Ota MO,
Bojang K, Obaro S, Greenwood BM: Changes in the pattern of
infant and childhood mortality in upper river division, The
Gambia, from 1989 to 1993.  Trop Med Int Health 1997, 2:28-37.
30. Gamble DP: Infant mortality rates in rural areas in the Gam-
bia Protectorate.  J Trop Med Hyg 1952, 55:145-149.
31. Alonso PL, Lindsay SW, Armstrong Schellenberg JR, Gomez P, Hill
AG, David PH, Fegan G, Cham K, Greenwood BM: A malaria con-
trol trial using insecticide-treated bed nets and targeted che-
moprophylaxis in a rural area of The Gambia, west Africa. 2.
Mortality and morbidity from malaria in the study area.
Trans R Soc Trop Med Hyg 1993, 87(Suppl 2):13-17.
32. Rayco-Solon P, Moore SE, Fulford AJ, Prentice AM: Fifty-year mor-
tality trends in three rural African villages.  Trop Med Int Health
2004, 9:1151-1160.
33. Adjuik M, Smith T, Clark S, Todd J, Garrib A, Kinfu Y, Kahn K, Mola
M, Ashraf A, Masanja H, Adazu K, Sacarlal J, Alam N, Marra A,
Gbangou A, Mwageni E, Binka F: Cause-specific mortality rates in
sub-Saharan Africa and Bangladesh.  Bull World Health Organ
2006, 84:181-188.
34. Greenwood BM, Bradley AK, Byass P, Greenwood AM, Menon A,
Snow RW, Hayes RJ, Hatib-N'Jie AB: Evaluation of a primary
health care programme in The Gambia. II. Its impact onMalaria Journal 2008, 7:15 http://www.malariajournal.com/content/7/1/15
Page 12 of 12
(page number not for citation purposes)
mortality and morbidity in young children.  J Trop Med Hyg
1990, 93:87-97.
35. Aikins MK, Fox-Rushby J, D'Alessandro U, Langerock P, Cham K,
New L, Bennett S, Greenwood B, Mills A: The Gambian National
Impregnated Bednet Programme: costs, consequences and
net cost-effectiveness.  Soc Sci Med 1998, 46:181-191.
36. Muller O, Garenne M: Childhood mortality in sub-Saharan
Africa.  Lancet 1999, 353:673.
37. UNAIDS 2006 report on the global AIDS epidemic: A
UNAIDS 10th anniversary special edition   [ h t t p : / /
www.unaids.org/en/HIV_data/2006GlobalReport/default.asp]
38. Snow RW: Bed-nets and protection against malaria.  Lancet
1987, 1:1493-1494.
39. Greenwood BM, Greenwood AM, Bradley AK, Tulloch S, Hayes R,
Oldfield FS: Deaths in infancy and early childhood in a well-
vaccinated, rural, West African population.  Ann Trop Paediatr
1987, 7:91-99.
40. Menon A, Snow RW, Otoo L, Greenwood BM: Decline in sensitiv-
ity of Plasmodium falciparum to chloroquine in The Gambia.
Lancet 1987, 1:1029-1030.
41. Mills A, Fox-Rushby J, Aikins M, D'Alessandro U, Cham K, Green-
wood B: Financing mechanisms for village activities in The
Gambia and their implications for financing insecticide for
bednet impregnation.  J Trop Med Hyg 1994, 97:325-332.
42. Greenwood BM, David PH, Otoo-Forbes LN, Allen SJ, Alonso PL,
Armstrong S Jr, Byass P, Hurwitz M, Menon A, Snow RW: Mortality
and morbidity from malaria after stopping malaria chemo-
prophylaxis.  Trans R Soc Trop Med Hyg 1995, 89:629-633.
43. Muller O, Cham K, Jaffar S, Greenwood B: The Gambian National
Impregnated Bednet Programme: evaluation of the 1994
cost recovery trial.  Soc Sci Med 1997, 44:1903-1909.
44. Bicego GT, Omar BA: Infant and child mortality: DHS Compar-
ative studies No. 20.  23rd edition. Edited by: Calverton MMII.
Demographic and Health Surveys; 1996:36-37. 
45. Robertson RL, Foster SO, Hull HF, Williams PJ: Cost-effectiveness
of immunization in The Gambia.  J Trop Med Hyg 1985,
88:343-351.
46. Pelletier DL, Frongillo EA: Changes in child survival are strongly
associated with changes in malnutrition in developing coun-
tries.  J Nutr 2003, 133:107-119.
47. Rowe AK, Rowe SY, Snow RW, Korenromp EL, Schellenberg JR, Stein
C, Nahlen BL, Bryce J, Black RE, Steketee RW: The burden of
malaria mortality among African children in the year 2000.
Int J Epidemiol 2006, 35:691-704.
48. Greenwood BM, Greenwood AM, Snow RW, Byass P, Bennett S,
Hatib-N'Jie AB: The effects of malaria chemoprophylaxis given
by traditional birth attendants on the course and outcome of
pregnancy.  Trans R Soc Trop Med Hyg 1989, 83:589-594.
49. Snow RW, Marsh K: The consequences of reducing transmis-
sion of Plasmodium falciparum in Africa.  Adv Parasitol 2002,
52:235-264.
50. Smith T, Killeen G, Lengeler C, Tanner M: Relationships between
the outcome of Plasmodium falciparum infection and the
intensity of transmission in Africa.  Am J Trop Med Hyg 2004,
71:80-86.
51. Maxwell CA, Chambo W, Mwaimu M, Magogo F, Carneiro IA, Curtis
CF:  Variation of malaria transmission and morbidity with
altitude in Tanzania and with introduction of alphacyper-
methrin treated nets.  Malaria Journal 2003, 2:28.
52. Government of The Gambia. Central Statistics Department: Popula-
tion and Housing Census 1993. Banjul 1996.
53. Government of The Gambia. Department of State for Health and
Social Welfare: Report on the national survey on maternal, perinatal, neo-
natal and infant mortality and contraceptive prevalence, 2001. Banjul
2002.
54. World Bank: World Development Indicators database
[http://www.worldbank.org/data/]
55. Burkina Faso. Institut National de la Statistique et de la Demographie:
Second general population census, December 10–20, 1985: analysis of the
final results. Ouagadougou 1997.
56. Mbacke C, Bellal MO: Mortality levels very elevated again.
Seminar on dissemination of EMIS/Burkina findings (in
french).  Pop Sahel 1988:14-16.
57. ORC Macro MEASURE DHS STATcompiler: Child mortal-
ity rates   [http://www.statcompiler.com/]
58. Greenwood BM, Bradley AK, Greenwood AM, Byass P, Jammeh K,
Marsh K, Tulloch S, Oldfield FS, Hayes R: Mortality and morbidity
from malaria among children in a rural area of The Gambia,
West Africa.  Trans R Soc Trop Med Hyg 1987, 81:478-486.
59. Greenwood AM, Armstrong JR, Byass P, Snow RW, Greenwood BM:
Malaria chemoprophylaxis, birth weight and child survival.
Trans R Soc Trop Med Hyg 1992, 86:483-485.
60. Von Seidlein L, Walraven G, Milligan PJ, Alexander N, Manneh F, Deen
JL, Coleman R, Jawara M, Lindsay SW, Drakeley C, De MS, Olliaro P,
Bennett S, Schim van der LM, Okunoye K, Targett GA, McAdam KP,
Doherty JF, Greenwood BM, Pinder M: The effect of mass admin-
istration of sulfadoxine-pyrimethamine combined with
artesunate on malaria incidence: a double-blind, commu-
nity-randomized, placebo-controlled trial in The Gambia.
Trans R Soc Trop Med Hyg 2003, 97:217-225.
61. Deen JL, Walraven GE, Von SL: Increased risk for malaria in
chronically malnourished children under 5 years of age in
rural Gambia.  J Trop Pediatr 2002, 48:78-83.
62. Aaby P, Jensen H, Walraven G: Age-specific changes in the
female-male mortality ratio related to the pattern of vacci-
nations: an observational study from rural Gambia.  Vaccine
2006, 24:4701-4708.
63. Menon A, Snow RW, Byass P, Greenwood BM, Hayes RJ, N'Jie AB:
Sustained protection against mortality and morbidity from
malaria in rural Gambian children by chemoprophylaxis
given by village health workers.  Trans R Soc Trop Med Hyg 1990,
84:768-772.
64. Snow RW, Rowan KM, Greenwood BM: A trial of permethrin-
treated bed nets in the prevention of malaria in Gambian
children.  Trans R Soc Trop Med Hyg 1987, 81:563-567.
65. Jaffar S, Leach A, Greenwood A, Greenwood B: Season of birth is
not associated with delayed childhood mortality in Upper
River Division, The Gambia.  Trop Med Int Health 2000,
5:628-632.
66. Alonso PL, Lindsay SW, Armstrong JRM, Conteh M, Hill AG, David
PH, Fegan G, de Francisco A, Hall AJ, Shenton FC, Cham K, Green-
wood BM: The effect of insecticide-treated bed nets on mor-
tality of Gambian children.  Lancet 1991, 337:1499-1502.
67. Brewster DR, Greenwood BM: Seasonal variation of paediatric
diseases in The Gambia, west Africa.  Ann Trop Paediatr 1993,
13:133-146.
68. D'Alessandro U, Olaleye BO, McGuire W, Langerock P, Bennett S,
Aikins MK, Thomson MC, Cham MK, Cham BA, Greenwood BM:
Mortality and morbidity from malaria in Gambian children
after introduction of an impregnated bednet programme.
Lancet 1995, 345:479-483.
69. Koram KA, Bennett S, Adiamah JH, Greenwood BM: Socio-eco-
nomic risk factors for malaria in a peri-urban area of The
Gambia.  Trans R Soc Trop Med Hyg 1995, 89:146-150.
70. Bojang KA, van Hensbroek MB, Palmer A, Banya WA, Jaffar S, Green-
wood BM: Predictors of mortality in Gambian children with
severe malaria anaemia.  Ann Trop Paediatr 1997, 17:355-359.
71. Jaffar S, van Hensbroek MB, Palmer A, Schneider G, Greenwood B:
Predictors of a fatal outcome following childhood cerebral
malaria.  Am J Trop Med Hyg 1997, 57:20-24.
72. Gazin P: Le paludisme au Burkina Faso:etude epidemi-
ologique de la transmission, des indicies parasitologoques, d
la morbidite, de la letalite.  In PhD Thesis Universite de Montpel-
lier; 1990. 
73. Vaugelade J, Pinchinat S, Guiella G, Elguero E, Simondon F: Non-spe-
cific effects of vaccination on child survival: prospective
cohort study in Burkina Faso.  BMJ 2004, 329:1309.
74. Modiano D, Sirima BS, Sawadogo A, Sanou I, Pare J, Konate A, Pagnoni
F: Severe malaria in Burkina Faso: influence of age and trans-
mission level on clinical presentation.  Am J Trop Med Hyg 1998,
59:539-542.
75. Sankoh OA, Ye Y, Sauerborn R, Muller O, Becher H: Clustering of
childhood mortality in rural Burkina Faso.  Int J Epidemiol 2001,
30:485-492.
76. Becher H, Kynast-Wolf G, Sie A, Ndugwa R, Ramroth H, Kouyate B,
Muller O: Patterns of malaria: cause-specific and all-cause
mortality in a malaria-endemic area of west Africa.  Am J Trop
Med Hyg 2008, 78:106-113.